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2.0  DETAILED  DISCUSSION  OF  TEST  RESULTS  (U) 

(U)  The  contents  of  this  Volume  discuss  in  more  detail 
the  measured  vs  expected  results  for  each  of  the  following: 


• System  FOM 

• Array  Gain  and  Signal  Gain 

• Beamwidth 

• Bearing  Accuracy 

• Summary  and  Comparisons 


2.1  SYSTEM  FIGURE  OF  MERIT  AND  RANGE  PREDICTIONS  (U) 

(U)  System  figure  of  merit  (FOM)  is  defined  as  the  total 
signal  transmission  loss  that  the  system  can  tolerate  and  is  ex- 
pressed as 

FOM  = SL  - NL  + AG  - DT  (dB)  (2.1) 


where 


SL  = threat  source  level  (dBuPA) 

2 

NL  = local  ambient  noise  spectral  level  (dBuPA  /Hz) 
AG  = array  gain  (dB) 

DT  = detection  threshold 


(S)  For  the  third  generation  threat,  the  detection  thres- 
hold was  computed  for  the  140  and  290  Hz  lines  as  shown  in  Table 
2-1  for  a 2/32%  .'.nalysis  bandwidth  (ABW)  . It  is  noted  that  in 
addition  to  a 1.3  dB  mismatch  loss,  a processing  loss  of  2 dB 
was  used  to  cover  all  other  real  processor  degradations  from 
ideal.  A 5 minute  integration  time  was  assumed. 


(S)  Detection  ranges  for  the  third  generation  Soviet 
Nuclear  Threat  are  estimated  from  the  FACT-model -computed  trans- 
mission los3  (Volume  IA,  Figures  1-10,  1-11,  1-13,  1-14,  1-16, 
1-17)  based  on  FOM's  computed  from  the  measured  data  per  equation 
(2.1)  . 
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(S)  Tabic  2-2  contains  the  FOM  and  estimated  ranee  data 
for  each  data  point  in  the  three  sites.  Ranee  zones  (convergence 
zones!  for  greater  than  50%  detection  probability  are  listed  as 
well  as  the  maximum  50%  P^  range,  which  is  averaged  over  the  data 
points  for  each  site  (averages  shown  in  last  column).  Data  for 
140  Hz  as  well  as  290  Hz  is  provided.  Note,  however,  that  for 
a nominal  \,  2 spacing,  one  would  expect  a nominal  3 dB  gam  im- 
provement for  the  140  Hz  data,  and  thus  expect  range  increases 
by  approximately  1.5  to  2.0  times. 

(S)  The  mean  FOM  for  the  12  data  points  at  290  Hz  is 
89.8  dB;  the  greatest  value  is  92.9  for  DP  9 in  Bite  4,  and  this 
corresponds  to  a continuous  (no  convergence  zones)  detection 
region  out  to  203  NM.  Detection  regions  covered  in  the  three 
sites  are  pictured  in  Volume  IB,  Figure  1-3,  for  the  above 
conditions. 

2.2  ARRAY  GAIN  AND  SIGNAL  GAIN  (D 

(U)  Measured  array  gam  (?NR  Gain)  and  signal  gain  are 
compared  against  theoretical  reference  curves  vs  number  of  elements 
in  the  aperture  for  ail  12  data  points  in  Figures  2-1  and  2-2. 

For  comparison,  the  corresponding  composite  data  for  the  deep 
MINT AKA  site  is  contained  in  Figure  2-3.  Individual  data  point 
presentation  of  gam  data  appear  as  F mures  A-l  through 
A- 2 4 m Appendix  A. 

(S)  Measured  signal  gam  clusters  around  the  theoretical 
curve  (20  log  N)  except  for  the  Gulf  of  Oman  (DP  1 and  2, 

Figure  2-1).  This  site  might  be  expected  to  show  somewhat  poorer 
signal  gam  due  to  the  large  depth  deficiency  (see  Section  1.2), 
and  thus  larger  expected  signal  decorrelation  result ma  from 
greater  signal  acoustic  interaction  with  the  bottom  and  the  sur- 
face. it  is  noted  that  the  140  Hz  sional  gam  v.lues  (Piuure  2-2) 
tend  to  be  larger  than  the  290  Hz  values.  This  also  is  expected 
since  the  sperture  contains  fewer  wavelencjths  at  140  Hz  and  sig- 
nal will,  therefore,  tend  to  be  more  correlated. 
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IS)  Also  apparent  is  a characteristic  droop  in  signal 
gain  between  half  (32  elements)  and  full  aperture,  which  be- 
comes more  significant  at  290  Hz.  The  indication  is  that  the 
plane-wavefront  model  used  to  process  the  data  is  becoming  in- 
adequate between  16  and  2 5 wavelengths,  cit  least  for  the 
subject  environmental  conditions.  Of  course,  uncompensated 
array  deformation  could  also  be  at  least  partially  at  fault, 
but  the  progressively  improved  signal  gain  with  improving 
acoustic  conditions  (going  from  Site  1A  to  Site  4)  places 
greater  credibility  in  the  decorrelation  argument.  This  indi- 
cates a need  for  more  sophisticated  array  processing,  especially 
in  "shallow"  water,  for  apertures  approaching  25  wavelengths. 

(C)  The  array  (signal  to  noise)  gain  correlates  reason- 
ably well  with  signal  gain  according  to  the  above  referenced 
set  of  figures.  One  exception  is  site  1A  where  the  signal  gain 
is  much  farther  below  theoretical  than  array  gain.  Given  the 
fact  that  array  gain  depends  not  only  on  coherently  summing 
the  signal,  but  also  on  rejecting  noise  (array  gain  (AG)  = 
signal  gain  (GS)  - noise  gain  (GN)),  a lack  of  close  correlation 
in  array  gain  with  signal  gain  is  plausible.  However,  there 
appears  to  be  an  anomaly  in  the  large  discrepancy  between  sig- 
nal  gain  and  array  gain  for  the  Gulf  of  Oman.  Noise  anisotropy 
information  is  not  contained  in  this  report,  but  would  be  useful 
in  relating  signal  gain  and  array  gain. 

(S)  Of  particular  interest  is  the  relatively  constant 
level  of  measured  array  gain,  independent  of  aperture  (number 
of  elements),  unlike  the  deep  water  MINYAKA  tests.  This  is 
especially  evident  for  290  Hz  is  given  in  Table  2-3  supporting 
this  observation.  Therefore,  a strong  indication  is  that  in 
order  to  achieve  the  full  potential  of  drift  arrays  in  depth 
deficient  water,  the  beamforming  must  accommodate  a more  complex 
model  than  a plane  wave  arrival?  that  is,  it  must  include  tech- 
niques to  compensate  for  correlation  losses. 
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Table  2-3  Array  Gain  Comparison  for  290  Hz 
vs.  Number  of  Elements  (C) 


Mean  Array  Gain  (dB)  for  Number 
of  Elements  Shown,  290  Hz 

Site 

16 

32 

max 

1A 

9.7 

11.2 

10.6 

3 

12.7 

13.4 

12.7 

4 

11.4 

12.4 

12.4 

Overall 

Mean 


11.8 


12.7 


12.3 
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2.  J UEAHWIPTH  (U) 

(C)  Theoretical  bo  am  patterns  for  each  frequency  and 
aperture  analyzed  at  each  data  point  (whieh  have  random  steer 
angles)  wore  computed  for  comparison  with  MRA  pattern  response 
measurements.  A typical  pattern  for  the  uni form-wo tuhted*  full 
aperture  is  shown  in  Figure  2-4  for  DP  10  at  290  Hz,  The  rec- 
tangular pattern  plot  covers  the  full  azimuth  plane,  and  re- 
ferences azimuth  angle  from  end  fire,  i.e.,  broadside  on  these 
plots  appears  at  90°  and  270°.  Thus  the  151,5°  horizontal 
steering  corresponds  to  t»1.5°  of f-broadwide  steering  in  the 
context  of  the  present  report.  Also  provided  in  the  hard  copy 
computer  display  are  the  3 dh  hoamwidth  (4.12°)  and  array 
azimuth  gam  (15.0  dP)  . All  other  such  plots  generated  arc? 
contained  in  Appendix  B for  reference.  A brief  discussion  of 
the  ; -t  on  theoret  ical  beam  pattern  of  elements  missing 
from  the  aperture  and  quantizing  lobes  created  by  sampling 
data  at  a rate  lower  than  that  required  for  quantizing  lobe 
suppression  was  given  in  Volume  1A. 

(l>)  Pirect  measurement  of  hoamwidth  in  the  normal  sense 
during  a sea  test  is  not  practical.  Instead  (of  either  rotating 
the  array  or  maneuvering  the  prelector  ship  on  a oi reumferent  wil 
course) , an  estimate  of  the  beam  character i st ic«  is  obtained 
by  steering  the  beam  over  a relatively  small  azimuth  region 
centered  m the  target  direction.  The  estimate  is  good  only 
in  the  main  beam  region?  it  is  clear  that  the  greater  the  beam 
is  steered  away  from  the  target,  direction,  the  greater  is  the 
pattern  error. 


• Uniform  weighting  was  used  in  boamfornung  for  the  entire  data 
reduction.  No  sidelobe  suppression  was  attempted. 
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(S)  It  is  with  this  in  mind  that  the  "measured"  pattern 
data  should  be  viewed.  Such  a pattern  appears  in  Figure  2-5 
for  DP  10  at  290  Hz,  corresponding  to  the  theoretical  pattern 
of  Figure  2-4.  It  represents  one  of  the  better  examples  of 
measured  beam  patterns,  and  is  only  0.6°  broader  than  theoreti- 
cal. This  corresponds  to  an  array  gain  only  0.6  dB  (10  log 
(4.1°/4.7°)  * 0.6  dB})  below  theoretical.  Unfortunately,  the 
measured  array  gain  suffered  an  actual  degradation  of  2.4  dB 
for  this  data  point  when  the  data  was  properly  reduced. 

(C)  It  is  also  noted  that  the  presence  of  interfering 
source'*,  particularly  in  the  vicinity  of  the  main  beam  (or  its 
image),  has  a degrading  effect  on  the  measured  pattern  quality, 
as  well  as  n both  signal  and  array  gain.  Either  discrete  tonals 
radiated  within  an  analysis  bandwidth  of  the  projector  tone,  o. 
broadband  noise  radiated  from  such  interference  contaminates 
the  data.  Figure  2-6  is  an  example  of  a measured  pattern  at 
290  Hz  for  full  ape"ture  in  DP  7 where  interference  plays  a 
significant,  or  probably  a dominant  role.  The  target  (projector) 
was  received  on  a beam  steered  to  -22°  (where  the  MRA  occurs 
in  the  figure) . However,  at  least  3 other  smaller  pattern 
peaks  occur  within  12°.  It  's  felt  these  are  associated  with 
interfering  sources  in  the  near  vicinity  of  the  array  emplantment 

(0)  If  one  considers  the  140  Hz  data  for  this  same  data 
point  (see  Figure  2-7),  the  MRA  has  apparently  shifted  !:>  -36° 
steering,  indicating  a possible  array  orientation  charge.  But 
this  is  not  p -ssible  be  -ause  the  same  5 minute  segment  of  tape 
was  analyzed  for  both  140  Hz  and  290  Hz.  The  presence  of  at 
leant  one  other  source  can,  therefore,  be  deduced  from  this 
data  comparison.  The  interfering  source  ■'t  -36°  steering  has 
a greater  received  energy  at  140  Hz  than  is  received  from  the 
projector. 
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(S)  On  this  assumption,  it  can  be  seen  that  the  re- 
ported array  gain  of  8.5  dB  {Ref  Table  1-3,  Vol  la)  at  140  Hz 
is  pessimistic,  and  according  to  Figure  2-7,  the  measured 
gain  should  probably  be  stated  as  11.9  dB  based  on  consider- 
ing the  -36°  steered  "MRA"  response. 

(S)  Observations  of  local  interference  in  the  Ship's 
log  indicate  the  presence  of  six  ships  within  a 10  NM  radius 
of  the  array  deployment  including  the  monitoring  ship  (USNS 
Wilkes) . Other  traffic  is  included  below: 


True  Bearing 

Range 

Vessel  Description 

158° 

3 NM 

Soviet  Oceanographic  Ship  Soviet 
Tender 

178° 

28  NM 

USNS  Kingsport 

182° 

9 NM 

Two  other  Soviet  Vessels 
(Destroyers?) 

183° 

7 NM 

US  Minesweeper 

1 NM 

USNS  Wilkes 

All  of  the  "measured"  beamwidth  plots  appear  in  Appendix  C 
for  reference. 


2.4  BEARING  ACCURACY  - COMPARISON  WITH  NAVIGATION  DATA  (U) 

(S)  Array  bearing  accuracy  measurements  were  made  using 
the  navigation  data  as  a reference  for  data  points  1 through  7 
in  Sites  1A  and  3,  In  Site  4,  the  array  compass  data  was  noisy 
and  could  not  be  used  to  generate  array  target  bearings. 

Bearing  accuracy  data,  summarized  in  Figures  2-7A  and  2-7B, 
shows  extremely  good  accuracy.  This  is  displayed  as  bearing 
error  in  Table  2-4.  Excluding  DP  6 and  7,  the  mean  absolute 
deviation  bearing  error  measured  less  than  5°  and  the  rms  less 
thai,  7°.  Including  these  data  points  during  which  time  the 
array  underwent  rapid  rotation,  as  if  due  to  an  ocean  eddy,  the 
mean  absolute  deviation  and  rms  bearing  errors  for  Site  3 in- 
creased to  26.2°  and  33°. 
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(S)  Figures  2.8  through  2.14  are  the  actual  work 
sheets  used  in  determining  bearing  errors.  Array  heading, 
array  broadside  and  computed  (from  compass  and  steering  data) 
projector  bearing  are  plotted  along  with  the  navigation  data 
of  the  projector. 
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2.5  SUMMARY  AND  COMPARISON  OF  ARRAY  PERFORMANCE  MEASURES  (U) 

(U)  The  purpose  of  this  section  is  to  summarize  and 
compare  all  of  the  measured  array  data  with  theoretical  per- 
formance. Table  1-2  (Vol  IB)  compiles  results  of  all  the  measured 
data  with  the  exception  of  signal  gain  which  has  a theoretical 
value  of  20  log  (number  of  elements) . Comparison  of  measured 
and  theoretical  signal  gains  are  given  in  Figures  2-1  and  2-2, 
and  on  the  figures  in  Appendix  A,  and  will  be  summarized  pre- 
sently along  with  beamwidth  and  array  gain  data. 

(U)  Figures  2-15  through  2-23  compare  measured  array 
gain,  AG,  against  two  theoretical  measures  of  array  gain,  GAZ 
and  GjgQ,  under  ideal  conditions.  The  steps  involved  in  the 
determination  of  measured  array  gain  are  discussed  in  detail 
in  Volume  II,  Section  3 of  this  report. 


(U)  A brief  description  of  the  theoretical  measures  is 
in  order.  Azimuth  gain,  GAZ,  is  the  array  gain  that  results 
when  a two  dimensional  isotropic  noise  field  (lying  entirely 
in  the  azimuth  plane)  is  considered.  The  entire  signal  is 
assumed  incident  on  the  array  maximum  response  axis  MRA,  and 
thus,  Gaz  is  a measure  of  the  array's  noise  discrimination  in 
the  horizontal  plane.  Isotropic  (noise)  gain,  GISQ,  is  just 
the  familiar  directivity  index  (DI)  of  the  array,  defined  sim- 
ilar to  azimuth  gain  except  that  a three  dimensional,  isotropic 
noise  field  is  hypothesized.  GIS0  is*  therefore,  a measure  of 
the  array's  noise  rejection  characteristic  over  a three  dimen- 
sional uniform  noise  field. 


(U)  Convenient  approximate  expressions  for  azimuth  and 
isotropic  gain  for  a line  array  of  omni  directional  elements 
are  given  as  follows: 
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GIg0  =»  10  log  (2  L/.\)  - 10  log  (101 .6°/eJB°)  dB  (2-2) 

Ga2  = 10  log  [n(L/A)cos  &JJ  » 10  log  (159.6°/83°)  dB  (2-3) 

where 

L * array  length 
A = acoustic  wavelength 

83b°  * the  3 dB  beamwidth  in  degrees  when  the  array  is  steered 
to  broadside 

$3°  * the  3 dB  beamwidth  in  degrees  independent  of  the  steering 
imposed 

and 

8q  is  the  beam  steering  angle  off  broadside. 

(U)  In  addition  to  plotted  gain,  the  summary  figures  con- 
tain mean  theoretical  and  measured  gain  values  for  each  site,  and 
steering  angles. which  affect  azimuth  gain.  These  figures  show  that 
the  measured  array  gain  tends  to  correlate  somewhat  better  with 
azimuth  gain  than  isotropic  gain  (against  which  it  was  compared 
in  Figures  2-1,  2-2  and  the  figures  in  Appendix  A). 

(U)  In  summarizing  beamwidth  measurements,  it  was  found 
convenient  to  plot  broadside  equivalent  beamwidth,  obtained  t tom 
measured  values  by  adjusting  for  the  steer  .angle: 

?3B  - e3  cos  e0,  (2-4) 

where 

A A 

8.  ■ measured  beamwidth  at  measured  steer  angle  8 . 

j o 

A 

83b  * broadside  equivalent  beamwidth. 

This  provides  a better  theoretical  reference  for  visualization  of 
deviations  from  theoretical,  as  shown  in  Figures  2-24  through  2-32. 
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(U)  The  overall  array  performance  summary  is  presented 
in  a series  of  tables  which  contain  the  differences  in  measured 
performance  vs  theoretical.  Tables  2-5  through  2-7  show  beam- 
width  differences  from  theoretical,  and  indicate  mean  and  rms  dif 
ferences  as  a function  of  site  and  aperture  site.  Tables  2-8 
through  2-10  summarize  signal  gain  differences  from  theoretical 
with  mean  differences  noted.  Tables  2-11  through  2-13  list 
array  gain  differences. 

(U)  These  last  nine  tables  are  further  compressed  into 
three  array  performance  summary  tables  which  present  ready 
visualization  of  the  BEARING  STAKE  results.  Tables  2-14,  2-15 
and  2-16  correspond  to  frequencies  290,  140  and  295  Hz  respec- 
tively. 
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(S)  Table  2-5  Summary  of  Measured  Beamwidth  vs  Theoretical  (U) 


Frequency  = 290  Hz 


Beamwidth  difference  from  theoretical  for 
number  of  elements  shown 


Site  DP# 

16 

32 

MAX 

1A  1 

2.3° 

0.7° 

0.3° 

2 

-0.4° 

1.2° 

0.9° 

Mean  Error 

0.95° 

0.9  5° 

0.6° 

rms  Error 

1.65° 

1.06 

0.7° 

3 

1.7° 

-0.6° 

0.6° 

4 

-0.7° 

-0.1° 

2.1° 

3 5 

2.9° 

2.0° 

2.9° 

6 

1.9° 

2.1° 

5.8° 

7 

11.0° 

1.4° 

4.0° 

Mean  Error 

3.36° 

1.0° 

3.1° 

rms  Error 

c T-jO 

1.5° 

3.5° 

8 

0° 

0.7° 

1.3° 

9 

0 , 2° 

-0,3° 

-0.1° 

4 10 

0.8° 

1.2° 

0.6° 

11 

3.1° 

0.9° 

-0.5° 

12 

G° 

• «» 

0.1° 

Mean  Error 

0.82° 

0.1° 

0.3° 

rms  Error 

1.4  3° 

1 -»° 

0.7° 

2.58°  rms 

error  for  36 

points 

2.1°  rms 

error  for  full 

aperture  (max.) 
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Site 


1A 


Mean  Error 


16  32  MAX 


140  Hz  not  projected  in  Site  1A 


3 

3 

4 

5 

6 
7 

-0.1° 

1.0° 

1.4° 

3.9° 

2.2° 

0»3° 

0.9° 

2.2° 

6.1° 

0.4° 

“0*  3° 
5.1° 
2.3° 
3.3° 
2.4° 

Mean  Error 

1.68° 

2.0° 

2.6° 

rms  Error 

2.15° 

2.9° 

3.1° 

8 

2.2° 

1.9° 

3.9° 

9 

1,8° 

0.4° 

-0.1° 

4 

10 

-2.3° 

1.5° 

0.1° 

11 

3.8° 

3.1° 

6.5° 

12 

-5,8° 

2.1° 

1.5° 

Mean  Error 

-0*1° 

1.8° 

2.4° 

rmt,  ^rror 

3 . 5° 

2.0° 

3.5° 

2.91v  rms  error  for  30  points 
3.28°  rms  error  for  full  aperture  (Max) 
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(S)  Table 


Frequency  * 


m 

DP  i 

1A 

1 

2 

Mean  Krror 

rms  Krror 

3 

4 

3 

5 

6 

7 

Mean  Krror 

rma  Krror 

8 

9 

4 

10 

li 

12 

Mean  Krror 
ruts  Krror 


. 0 2 rmn  error  for  12  points 

.61°  tins  error  for  full  aperture  (MAX) 
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(S)  Table  2-8  Summary  of  Measured  Signal  Gain 

vs  Theoretical  (U) 

Frequency  = 290  Hz 


Signal  gain  difference 
for  number  of  elements 

from  theoretical  in  dB 
shown 

Site 

DP# 

16 

32 

MAX 

1A 

1 

-6.1 

-8.7 

-12.2 

2 

-8.8 

-5.5 

- 6.6 

Mean  Differ. 

-7.2 

-6.8 

- 8.5 

3 

-0.2 

-1.9 

-2.1 

4 

+0.2 

-3.0 

-5.7 

3 

5 

-0.5 

-3.4 

-4.1 

6 

-4.2 

-1.5 

-4.4 

7 

+1.6 

-0.3 

-4.7 

Mean  Differ. 

-0.2 

-1.9 

-4.0 

8 

-1.9 

+2.2 

-1.6 

9 

-2.3 

+ 2.8 

+ 1.0 

10 

+0.9 

+ 1.0 

+0.1 

4 

11 

+0.7 

-1.1 

-0.4 

■ 

12 

+ 3.4 

+ 1 . 6 

+0.1 

Mean  Differ. 

+0.7 

+1.5 

-0.1 
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(S)  Table  2-9  Summary  of  Measured  Signal  Gain  vs. 

Theoretical  CU) 


Frequency  = 140  Hz 


Site 

DP# 

1A 

1 

2 

Mean  Differ. 

3 

4 

3 

5 

6 

7 

Mean  Differ. 


Signal  gain  difference  from  theoretical  in 
dB  for  number  of  elements  shown 


16  32  MAX 


140  Hz  not  projected  in  Site  1A 


Mean  Differ. 


IK 
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(S)  Table  2-10  Summary  of  Measured  Signal  Gain 
vs.  Theoretical  (U) 

Frequency  = 295  Hz 


Signal  gain  difference  from  theoretical  in  dB 
for  number  of  elements  shown 

Site  DP# 

16  32  Max 

1 

1A  2 

-11.6  -13.  -17.3 

-10.7  -11.4  -14.2 

Mean  Differ. 

-11.1  -12.1  -15.5 

3 

4 

5 

6 

3 7 

Mean  Differ. 

8 

4 9 

10 
11 
12 

mean  difference 
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(S)  Table  2- 


Frequenc: 


Site 


1A 


DP# 


1 

2 

Mean  Differ. 


3 

4 

5 

6 
7 


Mean  Differ, 


8 

9 

4 10 

11 
12 


mean  difference 


(S)  Table  2 


Site 


1A 


DP# 


1 

2 


Mean  Differ. 


3 


3 

4 

5 

6 
7 


Mean  Differ. 


8 

9 

4 10 

11 
12 


mean  difference 


140  Hz  not  projected  in  Site  1A 


.1 
.7 
.5 
1.2 
+1.3 


2 

1 

k 

+1.3 

-1.5 

-0.9 

-2.5 

-2.1 
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(S)  Table  2-13  Summary  of  Measured  Array  Gain 
vs  Theoretical (U) 


Site 


Mean  Differ. 


mean  difference 


Frequency  » 295  Hz 


Array  gain  difference  from  theoretical  azimuth 
gain  (dB)  for  number  of  elements  shown 


-2.5 


-5.1 


-7.9 


-8.8 


-4.4 


-6.6 
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TABLE  2-14  ARRAY  PERFORMANCE  SUMMARY,  290  Hz  (U) 

deg  (dB) 


MEAN 

BEAMWIDTH 

DIFFERENCE  FROM  THEOR 

[site 

16  EL 

32EL 

MAX  APER 

1A 

0.95° 

(-. 3dB) 

0.95°  (-0. 7dB) 

0.6° 

(-0 . 6dB) 

3 

3.36° 

(-1 . 6dB) 

1.0°  (-l.OdB) 

3.1° 

(-3 . 7dB) 

4 

0.82° 

(-0 . 3dB) 

0.1°  ( -0 . ldB ) 

0.3° 

(-0. 3dB) 

(dB) 


■ - ■ __  _ 

MEAN  SIGNAL  GAIN  DIFF. 

FROM  THEOR. 

(dB) 

SITE 

16EL 

32F.L 

MAX  APER 

1A 

-7.2 

1 

o 

• 

co 

-8.5 

3 

-0.2 

-1.9 

-4.0 

4 

4-0.7 

4-1.5 

-0.1 

(dB) 


MEAN  ARRAY  GAIN  DIFF 

FROM  THEOR  CA2 

SITE 

16EL 

32EL 

MAX  AFER 

1A 

-1.1 

-2.1 

-4.8 

3 

40.6 

-1.5 

-4.4 

4 

+0.5 

-1.6 

-3.2 
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TABLE  2-15 


ARRAY  PERFORMANCE  SUMMARY,  140  Hz  (U) 


SITE 


1A 


deg  (dB) 


MEAN  BEAMWIDTH  DIFFERENCE  FROM  THEOR 


16EL  32EL  MAX  APER 


1.68  (-0.4dB) 

+2 . 0 (-ldB) 

+2.6  (-1.9dB) 

-0 . 1° (OdB) 

+1.8°(-0.6dB) 

2 . 4° (-1 . 2dB) 

MEAN  SIGNAL  GAIN  DIFF.  FROM  THEOR  (dB 


SITE 


1A 


16EL 

32EL 

MAX  APER 

2.2 

0.6 

-0.8 

3.8 

3.1 

0.9 

MEAN  ARRAY 

GAIN  DIFF  FROM  THEOR  GAZ 

SITE 

16EL 

32EL  MAX  APER 

1A 

- 

- 

3 

3.4 

-0.2  -1.4 

4 

-1.3 

-0.9  -3.0 
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TABLE  2-16 


ARRAY  PERFORMANCE  SUMMARY,  295  Hz  (U) 


MEAN  BEAMWIDTH  DIFFERENCE  FROM  THEOR 

SITE 

16EL  32EL  MAX  APER 

1A 

3 

4 

4 . 0° (-1 . ldB)  3 . 0° (-1 . 8dB)  0.4°(-.5dB) 

i 


SITE 


SIGNAL  GAIN  DIFF.  FROM  THEOR  (dB 


16EL 

32EL 

MAX  APER 

-11.1 

-12.1 

-15.5 

SITE 


1A 

3 


ARRAY  GAIN  DIFF. 

FROM  THEOR  GAZ 

16EL 

32EL 

MAX  APER 

-6.6 


-11.2 
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2.6(C)  ARRAY  PERFORMANCE  AT  295  Hz  (U) 

(C)  Only  a limited  and  somewhat  dubious  data  base 
(2  data  points)  for  array  gain  is  reported  for  the  295  Hz  line, 
(see  Table  2-17)  Because  the  low  295  Hz  signal  levels  radiated 
were  detected  on  omni  channels  only  in  Site  1A  (DP  1 and  2) , 
array  gain  is  reported  only  for  these  data  points.  The  beam- 
formed  array  output,  however,  indicated  detections  of  the  295  Hz 
line  in  all  three  sites. 

(C)  Comparison  of  290  and  295  Hz  measured  signal  levels 
on  omni  channels  (Table  2-17)  show  poor  agreement  with  radiated 
levels.  On  the  other  hand,  agreement  of  beamformed  signal  level 
is  in  good  agreement  (except  for  DP  2)  with  radiated  levels. 
Further,  one  observes  that  measured  SNR  values  for  beamformed 
data  are  quite  small  (2.5  to  3.2  dB)  in  the  analysis  bandwidth 
for  DP  1 and  2,  making  it  implausible  that  the  omni  SNR's  re- 
ported are  accurate.  The  conclusion  drawn  is  that  measured  omni 
signal  levels  are  suspect,  and  the  resulting  SNR  and  AG  values 
in  Table  2-17,  and  in  other  data  presented  is  questionable. 

(C)  It  is  noted  from  Table  2-17  that  the  AG  for  data 
points  8 and  9 must  exceed  9.7  and  11,7  dB  respectively,  since 
presumably  the  omni  SNR  for  these  points  is  zero  dB  or  less. 
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Appendix  A 

Comaprison  of  Signal  Gain  & Array  Gain  Vs.  Number 
of  Elements  (U) 
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APPENDIX  B THEORETICAL  BEAM  PATTERN  & 
ARRAY  GAIN  DATA  (U) 
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■jure  B- 28  Theoretical  Horizontal  Plane  Pattern  for32  Element 
Array  § 290  Hz  for  Data  Pointer,  59  Off  Broadside 
Steering.  Bearwidth  5 . 8 3 °,  Azimuth  Gain  13.3dB. 


O 


Figure*  B-JO  Theoretical  Horizontal  Plane  Pattern  for  ^Element 
Array  a Hz  for  Data  Point  / , Off  Broadside 

Steering.  Beamwic.th  .3-77° , Azimuth  Gain  /S'-S'd  B. 
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Figure  E-«^9  Theoretical  Horizontal  Plane  Pattern  for  3^-Element 
Array  ? Hz  for  Data  Point^,  Off  Broadside 

Steering.  Beamwidth  '7-'7<f° > Azimuth  Gain  /£?.6dB. 
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MEMORANDUM  FOR  DISTRIBUTION  LIST 

Subj : DECLASSIFICATION  OF  LONG  RANGE  ACOUSTIC  PROPAGATION  PROJECT 
(LRAPP)  DOCUMENTS 

Ref:  (a)  SECNAVINST  5510.36 

Enel:  (1)  List  of  DECLASSIFIED  LRAPP  Documents 

1 . In  accordance  with  reference  (a),  a declassification  review  has  been  conducted  on  a 
number  of  classified  LRAPP  documents. 

2.  The  LRAPP  documents  listed  in  enclosure  (1)  have  been  downgraded  to 
UNCLASSIFIED  and  have  been  approved  for  public  release.  These  documents  should 
be  remarked  as  follows: 

Classification  changed  to  UNCLASSIFIED  by  authority  of  the  Chief  of  Naval 
Operations  (N772)  letter  N772A/6U875630,  20  January  2006. 

DISTRIBUTION  STATEMENT  A:  Approved  for  Public  Release;  Distribution  is 
unlimited. 

3.  Questions  may  be  directed  to  the  undersigned  on  (703)  696-4619,  DSN  426-4619. 
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